A mutant strain, Nagase analbuminemia rats (NAR), was established from Sprague-Dawley rats.
Age-related changes in plasma proteins of NAR were investigated to obtain information of their abnormalities of protein metabolism. The total protein concentration in the serum of NAR of various ages was almost the same as that of normal rats of the same age. The albumin level of NAR was less than 0.05mg/ml at all ages examined. The concentrations of serum alantitrypsin, a-X protein, a2-macroglobulin, transferrin, ceruloplasmin, IgG, IgA and IgM were higher in NAR than in normal rats except for the perinatal stage, but al-acid glycoprotein level in NAR was normal.
The serum transferrin and ceruloplasmin levels were especially high in female adult NAR. The plasma fibrinogen concentration was also increased in NAR. These findings indicate that the normal total serum protein level of NAR was maintained by increase in the globulin concentration.
Serum albumin is a major component of plasma proteins, serving important transport functions and providing a major portion of the colloid osmotic pressure of the plasma.
Fifteen cases with analbuminemia have been reported since 1954 [1, [3] [4] [5] 8, 12, 13, 15, 17, 20, 24, 25] . Those patients showed minor clinical and biochemical abnormalities.
These findings raise the question of the importance of serum albumin.
Recently, we established a mutant strain of rats deficient in serum albumin from a stock of Sprague-Dawley rats (NAR, Nagase Analbuminemia Rat) [22, 23] . NAR were deficient in albumin not only in the serum but also in the tissues [26] , accompanying hyperlipidemia [22, 23] . In preliminary studies [22, 23] Animals : NAR were originally established from Sprague-Dawley rats, and the normal rats examined were obtained from the same stock of Sprague-Dawley rats. They were given CE-2 diet (CLEA JAPAN, Inc., Tokyo) and water ad libitum and kept in an animal room under conventional conditions at 23 ± 2•Ž with lighting from 6 : 00 to 18: 00. Six fetus, five newborn rats and four rats of both sexes at 1 week of age were sacrificed and their sera collected as a sample, respectively. Ten samples obtained from animals at each stage of development were used. At 2, 3, 4, 5, 7,10,15, 26 and 52 weeks of age, ten rats of each sex were examined. Animals were anesthetized with ether and blood was collected from the abdominal aorta. Serum was separated by centrifugation at 3000 rpm for 10 min. Plasma was obtained from citrate-treated blood.
Determination for total serum protein Total serum protein was determined by the Biuret method [14] .
Cellulose acetate membrane electrophoresis : Electrophoresis of 0.3 of serum was carried out on Titan III strips (Helena Laboratories, USA) with a constant current of 0.8mA/cm for 50 min at 10•Ž in 0.15M Tris/veronal buffer (pH 8.8). After electrophoresis, the membrane was stained with Ponceau S, destained in 5 % acetic acid, dehydrated in methanol and then cleared in 20% acetic acid in methanol solution. The strip was then subjected to densitometry.
Preparations of anti rat serum proteins: The serum proteins used as antigens were purified from normal rat serum by the methods of Campbell et al. [6] for albumin, Crawford [9] for a,-antitrypsin, Whitehead and Sammons [32] for al-acid glycoprotein, Taga et al. [29] for a-X protein, Taga et al. [28] for a2-macroglobulin, Jeppsson [16] for transf errin and Baumstark et al.
[2] for IgG. IgA was purified from normal rat milk by the method of Cebra and Robins [7] .
Ceruloplasmin was prepared by the following procedure.
Normal rat serum was dialyzed against 0.02M phosphate buffer (pH 6.5) and applied to a column of DEAE Sephadex A-50 (Pharmacia Fine Chemicals, Uppsala, Sweden) equilibrated with the same buffer.
The column was washed with the starting buffer and then proteins were eluted successively with 0.2 M and 0.3 M NaCI in the same buffer. NAR, a few percentages corresponding to the albumin fraction were observed on cellulose acetate membrane electrophoresis. The fractional values of other serum proteins in NAR were higher than those of normal rats except that the r-globulin value was nearly normal at fetus and 52 weeks of age. The amount of the a,-fraction in NAR was particularly high, being more than 3 times that of normal rats (Fig .  2, 3) .
Albumin : The albumin concentration in NAR measured by the single radial immunodif f usion method was less than 0.05mg/ml ; it increased rapidly until 3 weeks of age, and then it was nearly constant in females, but tended to decrease in males after 26 weeks of age in normal rats (Fig. 4) .
al-Antitry psin, a,-acid gl yco protein, a2-macro globulin and a-X protein : The a,-antitrypsin concentration of NAR was 1.3 to 2.0 times that of normal rats except at fetus, newborn and 10 weeks when it was similar to the normal. The level increased until 4 weeks and then it did not change appreciably with age in either strain (Fig. 5) . The a,-acid glycoprotein concentration of NAR serum was almost the same as that of normal rats except at 4 weeks of age, and it was found to increase with age (Fig. 5) . The level of serum a2-macroglobulin was 1.2 to 2.4 times higher in NAR than in normal rats except at fetus and its age-related increase was seen until 4 weeks of age and it remained fairly constant thereafter (Fig. 6 ). The level of serum a-X protein was elevated in NAR after 3 weeks of age (Fig. 6) .
Transferrin and ceruloplasmin : Serum transf errin was increased in NAR after 2 weeks of age ; the increase was extreme over 5 mg/ml in females after 15 weeks of age (Fig. 7) . In males, the concentration of serum ceruloplasmin increased with age in both strains.
In females, an age-related increase , was also seen in both strains, and was most marked in NAR after 10 weeks of age. A sex difference of ceruloplasmin level was found in both strains, females having higher levels (Fig. 7) . As shown in Fig. 8 , the effect of ovariectomy on the concentrations of serum transf errin and ceruloplasmin in NAR was obvious. The ovariectomized NAR showed lower levels than those of normal female NAR. In addition to ovariectomy, the treatment with estradiol produced an increase of serum transferrin and ceruloplasmin. Fibrinogen : The plasma fibrinogen concentration of NAR was 1.5 to 3.1 times that of normal rats at various ages (Fig.  9) .
Immunoglobulin:
The IgM concentration of NAR after birth was 1.4 to 3.4 times that of normal rats.
In both strains, the IgM concentration continued to increase until 52 weeks of age (Fig. 9) . The concentration of serum IgG in NAR of 2 to 15 weeks old was higher than that in normal rats, while the difference of IgA was found in the rats of 3 to 15 weeks old (Fig. 10) .
Discussion
Biochemically, human analbuminemia is characterized by a very low level of serum albumin with compensatory increase in the levels of other serum proteins and hyperlipidemia. Similar characteristics were found in NAR in our previous work [22, 23] . In this work, we confirmed these findings for serum proteins in NAR of various ages using cellulose acetate membrane electrophoresis.
Since the current method for protein electrophoresis is not sensitive enough for measurement of albumin level and each globulin fraction contains several proteins, we examined the serum proteins in NAR by immunochemical techniques.
In NAR, the serum albumin concentration was less than one sixhundredth of that in normal rats.
Comparative studies on NAR albumin and normal rat albumin are in progress (to be published elsewhere).
Serum a,-antitrypsin, a,-acid glycoprotein and a2-macroglobulin are known to be acute phase proteins.
The levels of a,-antitrypsin and a2-macroglobulin in NAR were higher than those in normal rats after 1 week of age, but the a,-acid glycoprotein level in NAR was normal. Injury, infection, tissue necrosis and tumor growth are all associated with increased concentrations of these acute proteins.
However, no signif icant pathological abnormalities were evident in NAR. The a-X protein level of NAR serum after 3 weeks of age was 1.2 to 2.0 times that of normal rats. This protein was found at high concentration in normal rat serum, but decreased greatly in rats transplanted with ascites hepatoma [29] . Its function is unknown. 
